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Lunettes, loredunes and bench ridges from the Lake Malata-Lake Greenly playa complex on the Lyre
Peninsula a Lies; tfi major changes in lake level and pulueoclirnate over the h«st 320,000 years. These have been
dated by a eouibination of ihermoluinincscenee and radiocarbon techniques, thus allowing correlation with I ate

(Quaternary Oxygen Isotope statics. The lakes experienced a major wet phase ea. 320 ka followed by multiple

aod episodes linked lo relatively cool periods and low eitstatic sea-levels between I 15-16 ka. Aeolian activity

and aridity nere particularly intense during llie last Glaeial Maximum with the onset ot a dry climate and
carbonate pellet lunette-building commenting as early as 26 ka. The Holoeene palaeoelimuie is marked by

seasonally oscillating wei and dry periods reflected in the intermittent deposition of gypsum lunettes, carbonate

ridges and c|iiarl/ lorcduncs around the eastern margins ol lakes Malata and (ireenly.

Ki v WORDS:Quaternary paiacoclimale. salt lakes. Lake Malata. Lake Greenly, luneties. thermolurnuieseeike

dating, Bridgewator Formation, carbonate, gypsum
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Introduction

Lake basins arc one of the richest archives ol'

lerresirial paiacoclimale data (e.g.. Williams fij qI

1<WK; Mason m of. I9«M: r oc | u e{ „/. 2002). In

particular, surficially-closed basins such as sah lakes

aiv extremely sensitive to changes in climalc antl

respond accordingly by adjusting their lake anil

groundwater levels. They are svidespread in

south-western, south-eastern and northern parts ol'

Australia where they often represent the termini Of

large endoreic basins (e.g.. Bowler & Magcc I OSS;

Magcc et uL 1995; Macumber 190| : Bowler 1071 ).

As salt lakes are susceptible to drying and erosion.

one of the most challenging aspects associated with

their study is resolving the problem of discontinuous

sonographic records. This, however, can be achieved

by examining and dating not only the sedimentary

succession in the basin itself, but also the

gcomurphnlogie features such as beach ridges and

lunettes, as these invariably formed during major

changes in lake levels and climate. In this study we
describe straiullme features of the Lake Malata-Lake

Greenly Complex (Fig. 1), which contain a rich

record of major climate change exposed along its

eastern shores. Most of these features have been
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dated by thermoluminescetice and radiocarbon

dating and provide a framework for late Quaternary

climate change in South Australia These arc

discussed in detail in this paper.

1F,\UK
( Mi

. B, .

LA '• '''"" • ' '

.,, LLN1NSI
<

"T "I

{
)... 'Kill

"

'. 4„ lake

TitiltniKHN V'"^ MaiaU _.,

\
' '

LflKi

i *

i

'

./

*

L '

ffifMMl * 1

:

''

r ' i\ .^l^fT
,

i

t, i
|

-
i "^

J A II c T R A L i A ,

, M
i

'-

: -J

v ..,,
,

MX'.

ftWEA '
,

r.

:- N4VMiicoq ' jj
ill

-.-.Hi

W

li^t. I. Map ot Lyre Peninsula showing the location of (lit

I nice Malaia I akr < ireenly Complex



KM A. IHTKILWIt/.<. C VON

General SeUint"

The Lake Malata-Lake Greenly Complex consists

of u chain of north north-cast ire-ruling Qualeiiiars

caibonate-evaporile playa lakes. shualed approx-

imately 33 mabove mean sea level ill a mid- latitude

region oi\ lower Tyre Peninsula. South Australia

ff%. I). The main basins. I.uke Malata and Lake

Greenly, urc separated by an extensive casterlv

trending calcareous, sub parabolic dune system.

which forms (he main regional aquiler. Emplacement

of these dunes during ihe laic Quaternary sea-level

hiyhslamls i Wilson I

00-!) 1 most likely caused the

damming Ufa prc-fleislocenc drainage channel, with

subsei|ueni groundwater seepage along the dune

lobes facilitating formation Of lakes Malata and

Greenly. Hnih basins arc eroded along their

south west margins With adjacent basement rocks up

to 5 metres above the present day lake floor

suggesting a gruben-type depression. Numerous

smaller playas, loealed exclusively to the east of the

main basins, appear to have formed much lalci, via

ihe interactive processes of deflation and

groundwater discharge. Ilydtoloyie. stratigiaphie

and i-eomoiphologie evidence collected to date

indicates thai the main basins have never &GCfl

surlicially connected,

At present, all lakes in the Lake Malata-Lake

( -i.vnlv Complex are ephemeral ground watei

-discharge playas characterised hv a cut-thick halite

erxist during the dry summer months. Depths of up to

ftJl m u\ watei. paitly due to direel precipitation and

p.irtly due 10 reduced evaporation exist during the

uel winter months The solutes are derived from

marine sail accession via aerosols and by

evaporation of inflow (surface and groundwater),

which delivers chemical weathering products from

surrounding sedimentary and basement roeks anil

syndepositionul recycling of cvaporitc.s. The

hydrology :nid geochemistry of the main basins have

been discussed elsewhere (Dutkiewn./ <•/ at 30OH),

Although defined by ihe same mineralogieal suite,

basin sediments from Lake Greenly and Lake Malaia

are distinctly different. Lake Greenly sediments are

dominated by carbonate nuitl (ealeile and dolomitei

measuring seveial metres to ileeimelres in thickness.

with Ihe uppermost 3 m of the i>asjn sequent v

interbedded with dm- 1 hick layers of uypsaicmtc

(l)utkiewie/ & von del Horch 19V5)i In contrast.

Lake Malata is dominated by gypsum, which occurs

in the form of relatively mud Irce. m-tliick

vypsarenites, and mnvthick gypsum clay laminae

which overlie a cemented skeletal peloidul

OliR B0RCKAJ. K. PRRSCOTT

grainslone near the base o\^ the suece^Mon, The

skeletal peloidal grainstonc overlies wealhered

basement. The difference in the relative abundance

ol carbonate ^\k\ gypsum over the lake complex is

related to Ihe local hydrologie selling of each bavin

and rainfallTccharee distribution over Ihe temai.

Genmnrphnlogy

The morphology ol die playa lakes depends on Ihe

nature of the pre-existing surface, the angle of die

long basin axis to ihe direction of the prevailing

wind, the presence and depth of surface water- the

proMiiiily of the groundwater to Ihe lake surface and

playa-gioundwater chemistry. Aeolian reworking,

ground and surface water fluelualious and

Interactions play a Secondary COU? i n modifying the

lake ycomorphology. which ultimately lefkvts majoi

changes in elimale. A number of geomorphologic

fealures directly associated with the Lake

Malaia- Lake Greenly Complex include islands.

spits, lunettes, irregular sub-parabolic dunes, beach

ridges, sandy beaches, marginal secpagc-spi aug

/ones and surface drainaee channels (Lie. 21. In lliis

-
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b fc
L

Fig, V lai A chain of playa lakes that have previously deflated intn a gypsum lunette (Lgi. View is towards the north. Centre

of photograph spans approximately 600 m. (b) A 5 to <> m-high, irunealed lunette profile at the south western margin of

Lake Greenly. Basement is uiiconformably overlain by an indurated pedogenic horizon (Pj, which ts in turn overlain by

an altered carbonate pellet lunette (Lc). Gypsitc layer (Lg.) overlies l. c with a gradalional contact, (cj Lee side of two

carbonate pellet lunettes (-1.17 ka ML14 and - 17.3 ka ML15} along the eastern margin of a small playa lake north of

Lake Malata, forming a prograding lunette sequence separated by a samphire-vegetated mud Hat. These represent Phase

III and Phase I deposition events in Fig. 4. (d) Thin-section photomicrograph showing bimodal carbonate pellets (p) with

a minor amount oi well-rounded carbonate-coaled quart?, (q) of similar grain-size, Plain light. Scale is 0.25 mm.

paper we describe some of lite key geornorphological

features ranging in age from 319 ± 72 ka to I ± 0-9

ka (Dutkiewiex & Prescott J 997; Fig. 2, Table L)

which formed as a result of major climate change.

Lunettes

Although clay, quart/ and gypsum are the most

common minerals comprising Lunettes (eresecntie

dunes associated exclusively with playa lakes; e-g..

Bowler 1983; Warren 19X2; Williams et al. 1991;

Chen <'/<//. 1991;Macumber 1991 ), those in the Lake

Malata- Lake Greenly Complex consist either of

gypsum sand or sand-si/ed carbonate pellets. In

general, the gypsum and carbonate pellet lunettes are

part o{ a prograding sequence, which rises 2 to 3 m
above the present-day lake floor. They are

characterised by al least two diseonformities in the

form of pedogenic layers or erosional scarps and

younger deflation basins (Figs 3a. b. e). The lunettes

occur along the eastern margins of most playas in the

complex and provide a partial indication of the

amount of material that has been deflated from the

lake basins. Their associated pedogenic horizons

(diseonformities) are potential lime-stratigraphic

markers for strandline-basin correlations.

Four discrete units representing four major phases

of lunette deposition have been recognised from

exposed sections and dated by TL between 1 15 ± 14

ka and 1,17 ± I -I ka {Dutkiewic/ & Prescott 1997;

Fig. 4). The distinction is based largely on the degree

and style o\' pedogenic alteration of the indurated

carbonate layer (disconformity) overlying the soft

lunette material, and field relationships ol lunette

deposits. Notably, progressive pedogenesis and loss

of original pelletal texture are a function of

increasing age while the composition and colour of

the lunettes and pedogenic horizons reflect the

immediate source area. Internal structures, such ah

low-angle planar beds normally expected from

seasonal accumulation, are very diffuse or

non existent and are attributed to the breakdown o\'

pellets by moisture and pedogenesis. Individual

deposits may reflect multiple phases of lunette

deposition and stabilisation, although the general
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Pip. 4. Idealised schematic west oast section til l.akt Vlalala showing three major phases ot carbonate pel lei Iuiil-uc

deposition in a single onlapptny sequence. riicrmoluminc.veueL* dates are also shown.

homogeneity wf Ihe deposits makes differentiation of

these difficult.

The policial fraction consists almost exclusively Ol

lOW-Mg CblcttG and minor clay minerals dominated

by monlmorillonite. The coarse, non-peiletal fraction

usually contains minor amounts ol abraded gypsum
diseoids or prisms, quart/, iron oxides, peloids,

loniminifera. ostracode carapaces and CoxMlkl
fragments, and (race amounts ol lilhoclasls. pyrilc

and remiianLs of algal mats including rare eharophyie

oogonia, In Ihin-seetion and under the scanning

electron microscope (SliM). the carbonate lunettes

consist of hi modal sand si/cd carbonate pellets and

minor sand-si/cd quail/ (lag. 3d). Quatlz grains rend

to be well-rounded and carbonate-coated, while

gypsum is discoidal, poorly-sorted, shows effects of

dissolution and abrasion and frequently occurs .is

semi -cemented aggregates, G^psitc nodules arc

ctimnuiii in ilie gypsilcrous lunellcs.

In general, the degree ot pedogenic alteration

corresponds with ihe age ol* ihe lunelte and conforms

with Nctterberg's ( IW>7) calcrete classification For

example, Ihe oldest lunettes show intense pedal

development in die form of cavernous, nodular

calcrele anil complete loss of ihe original pellelal

slruclure in Ihe underlying deposit. Younger lunettes,

on (he other hand, arc capped by a chalky, powdery

calcrele or more massive and strongly indurated

hardpan calcrete. both ol' which arc nodule-free and

frequently comprise several undulose sheet layers

which themselves reflect multiple phases of

pedogenesis. These are overlain either by thin

veneers of pellelal soil or younger, onlapping lunelte

deposits. The youngest lunellcs display a strong

pellelal fabric with samphire vegetalion acting as the

main post-deposit ional siabdiser

Three major phases of gypsum lunette formation

have been identified in this study. The besi examples

occur virtually along the entire lengths of the inner

and outer margins oi eastern Lake Vlalala (Fig. 2)

where the lunettes form a progradtne, cross-bedded

sequence measuring up to 7 mabove Ihe present -day

lake (Fig, 5a). An organic-rich layci within the cote

of ihe main lunelte has been dated by AMSat 5.59 ka

cal B.P. and is currently being mined lor gypsum for

agricultural purposes. The cliffed sections of the

Lake Vlalala lunettes are onlapped by ClCflll,

well-sorted gypsarcnile which forms the present-day

beach. The lunette sequences are stabilised by a

weakly indurated 4(1 cm to 3 m-thtck capping of

gypstie which is colonised by abundant salt-tolerant

shrubs and samphire vegetation. The relationship
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I iy 9 «.n IWw pfwcs of gypsum luucltc deposhion aUmj!

Hit tuner eastern tnwfcunri I nta M&ltitti RracbtoHHH&O
t.ctH\(.iv .it ntiirse-yraintJ f>ps;trL'nile- Yuii!>j.',er PltH.se til

osum Ullitlti^* tuv shihili (->td Cttfifftf) by \ gelation.

DiMuikc (Htm rhc- Lake- Malat.i margin K) playa lat-.c

immediately behind I'fm.-ir III limciic is 400 in. fbi

fiypswu luneiic ilnl representing Phase II gypsum

lunette depusilinn overlying a clayey uirKHiule pellet

lunelle (Ibtel itlunu Ihe miier ejisiein maruin oi Lake

Vhilaia. Poorly-sorted, course giained beach s.ifhl ill,)

comprising basement and skeletal pvTmdal ^.raiiisiont

liih'.'ciiiMs fnrnn rfw pre.v.m tiny beach, Note presence of

between the gypsum and carbonate lunettes is nol

always clear, as the gypKHTTI lunelle* arc generally

larger and more extensive, completely obscuring

underlying units which essentially heeome barrier-.

tut' their development. Along the outer south eastern

margin of I .ake Malata and the soiillvwcMcrn margin

of Lake Greenly, exposed sections clearly show a

gypsum lunette overlying a carbonate pellet uiMl

\\
; ig -Sbi. However. farther north nnd along the itinci

margin ol Lake Malala. the gypsum lunetu-v appear

to extend in a southerly direction away from the

Hanks id the carbonate lunettes without direclh

overlying the carbonate pellet units m exposed

sections, field relationships and ft Miiglc AMSdale

suggest |hal Ihe gypsum luucltes are gcnci;dl\

sounder lhan the carboinile pellet luneites.

The gypsum kinetics consist uhnost entirely t)l

medium to coarse-grained, moderately lo well sorted

gypsaremie with small amounts tit" carbonate t k>\v

Mg calcite) and trace amounis of line-grained qiiu.il/

and jrojl oxides. L'ouset|Uciuly\ die gypsum lunelles

were unsuitable for TL dating 'A*k\ only In one wise

contained sufficient organic carbon for "(' dating,

fhe carbonate content may be attributed either to the

presence ol carbonate pellets, carhonalc coatme ihe

v-spMim crystals during their growth m the hike

basin, or lo biogenic cotnpoiieuls Ktttgmeflpi pi

nsb abodes, (_'
t >\h liri and the foramiiuter hjfituflitwt

are common williin Ihe uppermost 65 cm of the
I

|0$J

recent gypsum lunelles. The gypsarcmle umstMs Ml

1-4 mm iQRg, slightly abraded anhedtal leiison.L.

marked by dissolution kinks. The thickness til ihe

gypNtlc capping WtCS between 40 cm to } m and is

a lunclioii of the si/e and Ihe aye of the lunelle, The

ihieket and the more indurated the gvpwitc hori/on.

ihe older lite lunette. The gypsifc consists ciiliiely 111

10 }i\X\ tOUg acicularcrvaaf-. under Ihe SLM. tispskc

also occurs as cm-thick hilcrbcds v\ itlnu the ;jyp>"""

lunette where it most likely represents stabilisation

of individual, possibly annual, aeolian layers In (lie

\aiiie manner dial the indurated carbonaie layers

represent diseonloinubes within the carbonate pellet

lunettes sequence, the eypsilo units represent rjerituli

of nou-dcposjiioii withiii the eypsutu lunettes, I ow

angle aeolian bedding F* welbdeveloped willuu the

gypsum lunettes and refleels grain-st/c vanalions

and general sotimg ot the ^ypsarenfte within the

jttdividual tamlnac-

The nn>sl distinct gcomorpholoeic leatutc

..sMi._i.HL.-d wilh the Lake M. data Lake Gteeiily

t.uumtex is a o nvtHLb, annate, uuhioucd skek-ial

peloalal yrainstone beach ndee dated by 11, al il9 t

52 ka (Dutkiewic/. ft IVescoll 1997: Table I), which

ta present along the eastern margin of Lake Malala

r'l akc Malala Kidge" in bigs 2 and 61. The ndge has
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h». fl. Schematic wes| eiDil wium across Lake- Ylalara showing the western marytu ttf the kike bn.siri bnnlereiJ hy

cukiviiscd <C> suh parabolic dunes <0>, and the eastern maigin hy "•» major arcuate ridge fRl and a scries ol transverse

gypsum lunettes (J„J and carbonate pellei lunettes <L
t

». and small phtyti lake-. \V).

been correlated with n similar gmunsfone sonipfad by

drilling, which overlies the basement in the Lake

Mnl.itn basin (Dntkiewiez \9%jr and represents the

laiyc-a* and quile possibly the oldest ceomorphologtc

feature associated with the lake complex. The ridge

in cavernous am! has an up ro 10 cm-thick capping nif

I aku-lr which is locally overlain by a thin red soil

coiilauuuj-' abnudanl ferruginous pisolites. The tidgC

sediments ouicrop sporadically al*>iii- r Ihe south-

weslern margin ol Lake Malala where they are

overlain unconformably by a gypsum lunette.

Sedimentary slruclures were uol obseivcd. possibly

due to calcrelisalion and a general lack of outcrop

and exposure. The beach ridge consists ol" a locally

lufuceous, medium-y rained, well-soried skeletal

pcloidal gElJngtOflC comprising sub-rounded to well

rounded mieritised peloids, abnudanl moilusk

fragments, coralline red algae, loraminifera, minor

echinoid fragments, rare bryo/oa and varying

amounts of lithoelasls and angular quart/ grains

(Fig. 7a). lis composition correlates well with the

Hridgewater formation, which comprises

Mimmmlnu- snb parabolic .Innc- and spectacular

clills on Ihc wcsl cousl of Ihe LVc Peninsula (Wilson

WD'.
More recent but pervasive beach deposits aft!

found around the shorelines ol Lake Malala and

Lake Greenly and associated playa lakes. The
composition ot the beach sand depends largely on

the source and i|s thickness »»n the sediment supply

and the proximity o\ Ihe source to the lake margin.

I* ikltWIM, A. U09&I Vu:ucrn:uv I'tiliieoehrmilv (nun I i

M.il;il;i L;iU- tavciily I'liiyy C nini»t.v Ivmlh Au\li;ilu" I'hl
)

th.-.f, Mir Hunter, Iiiivlimis nl Wn.lh \ii-.ir;tli;i it n|>ubl )

the water depth, and the fetch oi the lake. For

example, poorly-sorted, very coarse sands and

gravels are associated with basement outcrops. Thick

(up lo 2k5 m). localised accumulations ol beach sand

are common along ihe south-western margin n\' I ake

Greenly and southern Lake Malala. where they

consist of very coarse angular quart/, lilhoelasts o\'

basement lock, calcrctc. and skeletal pcloidal

graiiwtone. iron oxides, feldspar, mica, and skeletal

pcloidal allochems derived from surrounding

sub-parabolic dunes. Fragments of Cmkilkt sp..

oMirucodev fuuiminilcia «tnd chao'phyte GOgOtlfel flPC

occasionally ineorporaied. Medium lo coarse -

grained. inoderntely-Mjried. skeletal pcloidal saniL

on the oilier hand, forms u beach along the southern

margin of Lake (Ireenly where the source is a set <)(

parabolic dunes piu\im;il (u the lake b&fiW In

eonlrasl. carbonate playa lakes assoeialed with Lake

Greenly are characterised by shorelines dominated

by biogenic fragments including oslracodc valves.

(i'v/i7/i/ sp., I'oraminiFeia and minor champbytc

oogonia. These arc occasionally very weakly

indurated. Beaches associated with Lake Malala. on

Ihe other hand, are dominated b) course -rained

gypsarenite and fragments i)\ Cox'ielltt sp.

A 3 m-high t'oredune along at the southeastern

margin of Lake Malala suuatcd less than 200 m west

of the Lake Malala ridge is ol particular interest i Fig.

7b) and has a maximum TL age oi I 1 11.09 ka

(l)utkiewic/ & Preseott \W1: Table I ). It also hosls

ail undislurbed Aboriginal campsite comprising a

stone grinding plate and scraping tools. The beach

consists ol medium lo eoaisc-graincd. moderately-

sorted sand dominated by coarse to fine-grained,

aitgtttar to \\elt-iounded cinart/. modcraie aniiainis ot
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Llillinilt til map but tinmistakubl^ ivtwi seen Fittm till

(hi^. 7c» In bid. Minppin^ til the individual lunyncfi

and rid^vs could mty ha ufc-lrieved unfhg aeiiill

plvxiigra^iy. In addition. r\pt>'kd luilPJIC ,^i v-

jiv i ire .Mid limeUes .tppoitr U> liavo furni.-il .i

lit' -.l i|ik'i»ti:, mkiuxhI !>v t_| m-.» >Ju ilelltouh

VVilhni I iiKc Greenly. I'olike Ibe pro'jraUine Umeli'-

seL|i)cn-.v al l.akf M.ilni.i. wticrt in'.lir i-Inni iinieii- 1
-

are sepuNU'd bv dellalinnarv ha>i(1S. lIk-
I

"!_, I
r iL-s appeal rci be sep;i hired b> » Keffeknt

ciirbtma'e tidies The ridges are vers similar 111 IhiiuI

spcL'iiQcn and in itiiinop stylo ui '''• hidumiod

i
r .,

. i + .
* r o bori/oti- ...- suei'Hcd vvir.b Iniivltc.-. Which

HUtkv-. die iUkImilImm. ut llk-.c le;»bi,es ; :

dilheull in 11k* tield,
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file (HOW easily iceogniscd cuilxili.Uc ridges ocean

proximal to Lhc picsenl-day northeastern lake

margin where fotn ridges representing four phases

of hike regression have been recognised. The ridges

,ii.* approximate!) ! to i in Move the pfcscju-da}

I loot ol I ,akc Cn'mily and form fractured and iiibbK

carbonate sheets. I hey luck Ihe smooth and

eQfltillUjMH aleuale outcrop style common to

indurated carbonate horizons associated with

h.netK-, I hn rUfift'OpAWH itf |0W Mifl CtfCltC ftpl WC
ehalK.V and friable, wilh a min-lhiek coaling ol

laminar i _al< rclc Tubular voids are abniKlani more so

ihan in Ihe induraLcd carbonate horizons associated

with carbonate pellet lunettes ,md flppfiflr lo he

related to planl growlh m relatively soil sediment,

However, no fos-ul plain remains were found.

St aiming electron microscope analysis of ttiese

crusts shows the presence of abundant, straight or

pent I y < uived. occasionally branching. - 5 uau-ruU.

caleite cuciusled cndolithic I raiments. The
morphology jpn] si/e of these filaments arc

consistent with liuigal structures desctibed by

Khippa d 4>7°) and indicate [ttdogcnCfifc in lhc

aibacual vadosc environment, In thin-section, the

. usK ousisl nl micrilc, which occasional!) displays

a elohnlai tcUuie and abundant, geiietally

randomly oriented ealeiiic shell fragments which

ip'isc 5 La |5Vf "I the total ^cdunenl t|-~iy. 7d) t

lhc >hill IragnienLs consist ol low-Mg ealeite ami

are generally straight or gently curved

approximately !0 pm in diameter and generally 1 lo

_ mm in length toid mo$i likely r^pw^otu
disarticulated ostracodc valves. Foraminderal

fragments are rare. The deposits rltfV*! not hivn dated

due lo the paucity ol suitable materials such as

organic mailer and quart/

Discussion

The I .ale Ouaicmary gcomoipholo<j\ in the Lake

Malata I ake Greenly Coiurjlex is represented bv a

i 'Hliple.N suite ol ridges, luncHes uud forcduue

which have been dated between 32b fca and I ka. The
i'cnod lmvl'i i a tune ol dramatic climahc oscillations

dining which lhc formation ol lhc lake complex wa.--

.niiiakd and the lakes cxpcricikcd a major lauistral

i\vct) phase followed bv u sciies ol' drying and

lU Halnuiary episodes punctuated by period* uf

t

n -o, iLM-nt-xis ;util irt:ittvcl> \\ft\)0\ haustr'al events

< b.ctlhlion> hfe'tWCCll these crnnalie cslrcru-.

culminated la the pivseni-day status ol llie lakes as

i-rotinduaTcr-ibsLhaoje pfoyjfc

Wei I'fuisi' va, QMtU
The mam lacustrjl pha.-ic is represented by 'he fa

POk.a(U>ygei. Im.Ioix SUlac 9: p\g. Mj Lake M. lam

U.u h n'Jo, i i

;

. 5 !
;, (l «i h| .tei»»sneo during ' pfiftSO

MAI.AIA 1 AKC'rKI I Nl VCi'MPl I \ 111

Of high lake level, |(s morphology JS-COnfiiStOfH with

lorcdune deposition and we envisage that it formed

by deflation of smut from wave -nourished lakeshorc

beaches u\ very much the same manner thai coastal

foredunes and toredune ridecs are built immediaiely

behind /nm.-. of beach swash, Prior lo stabilisation (it'

the surrounding sub-p;irabo|ie dunes, a Luge amount

of the skeletal peloidal sand was blown and waslicd

into the lake basin and subsequently reworked by

Wind j-'l-ik -I'. .lid v ..u-, ilihiiif A plnvi.il tli.U.ilK

phase. A combination of relatively lower Ihan

present evaporation rates hi^lilv eftective

piecipitaiior, increased runofl and recharge and high

wah-r tables, associated wuh an iuterelacial sea lew)

highland. \';ouhl have resulted in the aeeumulalion

ol relaiivcly fresh Witter wilhin the luU- basin. The
si/e ol the ndgc suggests that al least I m ol walei

was present in the hike basin during the vvei winter

months, whieh vvould have been charieterr-.ed h,y

higher rainlall and lower evaporation relative hi

present Sikh U I'chitivefv high lake level Lomfimcd

with strong north-wcstcilv winds associated wuh the

uhiK-i ntoi.dr-,. wvuild haw nuiiaied wave-geiieiated

currents capable \>\ moving large volume--, ol the

skeletal peloidal .sand as btftlloatj h»vvards the eastern,

and particular!) the soiillveuslcrn lake mairin where

the ridge ait. mi-- its ma\jnnm> widtl) [}tyi£\ th&tC

conditions the sand aecreleU on Ihe eastern lakcshoiv

of Uiky Malala as a beach depo.sil ami wjis

subsctpienllv dellated by strong .south wesleily

winds inio a t<iiedune immediately behind this hiid>

'•iieicv beach. I he hcighl ot the beach nd^c attests to

the fact that fins period was relatively lout lived,

characterised by enhanced M-asonabty ,\\n\ a large

and continuous sediment supply. The tuLv was

evcnnially stabilised by pedoj-eiusis and vegetation

during an e\iendcd jieriod of non deposition, That

on l> owe such fealuiv is present wilhin Ihe F.ake

Malata I ake wtccnly Complev uidteates a unique

<lcpositional epi.-.odc. The absence ol a similar

loredunc ridge along the eastern margin of I {ike

Giceiity may be aitnbuled no! only to a lack ol

sediment .supply, btil also to ihe basin morph"logv.

paiOeularly lhc orientation o! the Ioum axis lo the

direction of Ihe prevailing westerly wind. The Lake

G|$Mlly basin is oriented approximately at 4.S" io the

diicciion ol ihe prevailing westerly wiiaf while the

I nice Mal.aa a\r, lies al OU\

( i>n-.i\|iienllv. the ridge represents, a Plcisloeenc

"rnegalake oi "laeiistral" static {> v\tt tfow ler l

(
>.S().

IVHl; De Decker I'JSS* m the lm-IuOou of Ihe lake

basin and overlaps with Wilson's [\M\ i

1 Phase III

dcpnsjiion ol l^ridgewaicr Foi'-nauon dunes during

mid to hue Plci--Otecne itltdrgt teial sea -level

highsiands. Mcgalal.e slnaclmes sueh US a l'3.$ m
hich beach at I akr Ivire-ll, .a.ntain .d>m>dan1

-.hells ..I CbXiefh M( 'Maeuml>ci tOStl. howlc. ,V
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SPECMAPisotope record

(slacked and smoothed)

d1aO (per mil) Depositions! Events

l i
i'. ;-;_ /\t<e's dI mtijm L'cunnM-pliolnL'ie leuUM'trs in the I j»ko

lirrfuly-l.iitvf MliIuUi (_oniple\ plotted ayahlM the

SI'Kl'MAI' UHVL- tln.hoe ft of- \W*l MilntViV t< ftl

5VK9). Ayes ntfHtc iMVope >u.L'i-s I m rt alter Martinson

el n|- (

1

4JS7 >. Apes hn- Uie deposition nftlje &ridg£Wttter

tinuuitMMi jiUlt Wilson (iy*Jlj. Koinati immeraU rf&)fth

glacial leritiiiuitionv I he length ol Cttch bar indicmes

uncertainly m nieiistircinciil ot lite auc of luncUc i idue

c-> Q liiblr I forde-taill,

Teller 19Kb), Curiously, there is a luck ol lacustrine

fauna tircsh and ralino watcNiricnmt) within the

beach rillgc gKkitHdblTB and cqiiiviileiii RtslfniHliK in

the hiism. Possible explanations tat this arc:

] )
post-dcposiuonal dissolution of orgaiiiMns caused

by ,i flUlftgC in the pbyFiCUl ttRd ehemieal environ

nieuls; 2) deslruclion t>T shells (.luring high cnetgy

transport rendering Ihem unrecognisable in the

sediment avoid; u\u\ 3) the high energy sandy kike

basin may have been nnhiiiuible tor lacustrine

organisms.

Pormntion of the ridge may have commenced
i MiiMilciablv earlier than _i2(l ka, which marks the

waning stages ol' (fcpOSlUOU bom the lee UJdC Ol Ihc

ridge. Wilson ( P.'VM K
1 proposed Ural the emplacement

of Ihc Bridgewater Kortnalion dunes along Ihc west

c«i;ist of the byre Peninsula occurred during sea-level

highstauds as early as 7*>C> ka (onset of Oxygen
koiope Slagc I7i. Therefore, h is likely lliat ridge

ao ret ion also occurred episodically throughout

Oxygen Isotope Si ages 17 lo 7 and Stage 3

inlerglaeials (Fig. K)
T until the sediment supply was

exhausted and rcehaige rates decreased due to a tall

in eusiatie sea-level, giving rise lo a new

deposit ional regime in the Lake Molata -Lake

Greenly Complex. A comprehensively dated sequence

thtOUjfh ' h e lake Malala ridge coi\W\ potentially

nr o vi.de pulacoehmalic inrorntalion prior lo 320 ka.Pt

PttliiL'Oilhwitt' . w. J'20'l 15 ka

We liave no ilirecl record ol' sedimentation and

evolution of the lake system tor the period 320-1 15

ka. As mentioned earlier, ihc Lake Malala ridge may

have continued accreting intermittently during

pluvial episodes, parlicularly during Oxygen Isotope

SlfigC 7 until - 1X0 ka, when the emplacement ol*

Phase II dunes along Ihc west coast ol the \m

Peninsula was most intense (Wilson |V9])k The

morphology and pedogenic alteration of sub-

ptirabOJic dunes OVertyirH* thick carbonate sequence;,

souih v\ Lake QrcOftty (LHitkiewie/ IWu' at*

consistent with a later episode ot Wilson's (Idoi) 1

Phase II du itc emphu cmcni during I he last

inlerglacial (Stage 5: Pig. Hi This suggests thai

dppOSitlOIl ol' iQCWtrillC carbonates most bkelv

occuned prior lo and intermittently dunng the warm
inteistadials ot Oxygen Isotope Stage fi and iluring

the warm intervals of ihc last inlerglacial (Oxygen

Koiope Sub siage .V). Landward migrating sub-

parabolie dunes would have buried regions relatively

close to Ihe coast, whereas more distal areas, such as

Lake Malata. would have been subject to continued

carbonate ptcctptiation. Large volumes of ihis mud
are likely to have been deflated into lunettes during

Oxygen Isotope Stage 6. which is broadly similar lit

stages 4, ? and 2 during which lunelle deposition was

pervasive. Pnrihci sampling awd dHtrng is ivmurrtl

to decipher the palaeoelinialc iccotcl dunui' dns

period.

Multiple And Lpiuulrs < ft, / IS-it fid

I imetles lorrn by dcllation u\ sand-si/cd uialeiial.

which iommotily inehnles pelleli.sed cla\s derived

Irom a drying lake floor by uui-dircetioual wind

(Bowler 1973; P.'KO: |f*R3), bactors involved ill the

eoiislriteiiini of clay pellet lunettes (fluctuating

L-rouudwater levels, IiKtfliOlWl ^W, ari.lity)

liave been iltscusseil cxlcnsiveh by Bowler
J 19731

and the same explanation can be applied io Ihc

earbonan- pel lei luneties from Ihc Lake Mjlaia Lake

(Jrcenly Complex. The ages ot Ihe IlinottOE tUilieaie

lliat seasonally arid climates and intense prcvaibn"

weslerly winds m southern Australia occtured

several times since the last inlerglacial Although the

I I . aces arc not sulliciently precise to date the e\;wi

onset of each arid episode, al the very letiSl thev

intlicate the lime when lunette building was in full
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swing, lit general, ilicsc correlate wilh periods of

relatively low custauc sea-level ami oscillations 10

i old intervals, (iiailj el which had not previously

been associated with continental aridity and lunette

budding. The oldest luneile hori/nn dated ttt. 1 15 ka

correspond^ to I he lasl glacial inception and

UTtTttnaOui! uf |hc las| inlcrglacial (Oxygen Isotope

Snh KUfgc 3<l). Aeolian activity increased again at-m.

V6 ka iDw^'n Isotope Nulvstaeo V), R5 ka (cold

Sn)> sU*L!c 5b). and 75 ka and 70 ka (Sub-stages

.'ni li, SiiMiilicnullv. a slronidy -indurated pedogeuic

horizon (iiited at nt. 75 ka suggests thai llie hutcnc

nnUctial was most likely modified soon -alter the shilt

from singe 5 CO •' winch tdohally marks llie mam
glacial transition Similar periods o! dellalton and

pedogenesis are estimaled to have occurred around

V0 ka and before about 70 ka m the Madigan Gult at

lake l-.vre (Magce vl ai. I°V5>, Lunctle-binlditiy 111

the Lake Mnlala-Uike CjrecnK complex occurred

twice during the inierstadial of stage 3 Wtth

HiaMmiun aeolian activity centred around the two
cold stadials ca. 54 ku and 43 kii imrtWiatch

billowing the end of die main glacial transition,

These ages likely correspond lo Ihe 60-50 ka plava

deflation phase and dime buildup at Lake tyre

i Magce K Miller WK). Unlike Lake Lvre. however,,

thete fo nuevidriK c 0l\ I uke M.daia or Lake Grevnh
h>r a uiaji'i' laeuslial phase in die period 50-^5 ka

-Magee & Miller \
{ > l )Hi However* further evc.i

vmiitii work is iec|Utred to test whether a beach

deposit (»l this age might he buried beneath vohinjc

.tfuliiiii sediments.

Several lunettes jn (he lake system tinted al iVJ IS

kn, 17 ku and lo kci. cIumci oil Ovy^en Isotope fiugte

2. which marks the peak of the hist glactaiion for the

Australian comment ;uotmil Hi ami 17 ka to& (

How let |OKo; Colhoun I W| ). The age ot Ihe oldest

lunette near this cluster dated at ea. _n ka

corresponds id die transition between Oxygen
l-aiiopc Stage 3 and Stage -. indicating that the onset

of arid conditions anil lunette holding during (he la-.i

idacial nuiMmuni commenced as early as 2o ka in

(his part uf Australia, This corresponds to a general

decrease m ihe number ot high and iiuerincdiuie

kikes in Australia after 2n ka (Harrison 1 W, and the

onset at a dry lake phase around 30 ka at Lake Lyv
(M4.TP? & Millc-r MvOK). Aeolian activitv appc; rs lo

have peaked ea- P.5-ifi ka. which correlates well

s\ itti the Lasl Glacial Maximum ut 17.*' ka

(Martinson <7 *//. 19H7|. During this glacial per'rod

ihe sea level was at its lowest and the cTioute

e^petieined imcriMtied aridity ^m\ high westerly

wind speeds (Howler & Wassoii 1 0^4: Petit it *.iL

\WH)) conducive to pervasive dune-building ow-
iitid and scini-.arid reeiims ot' Australia (HowL-r X
VV;ivmhi I0S-L, VVus-.mii I *>Sf*>. LuuePC-bllllduIJi was
hi its waiiiriL* ^L-i'cs ca. U» \t ka. with local

MAI MA I ,\KM;KLININ OAll'l IA in

depctstlion still ocenrnng locally until ca. 1 5.6 ka ami

was resineled to northern parts ot the lake eomplex.

Based on records from approximately 35 Australian

lakes. Harrison and Dndsi»n (1^)3) 6Uggosi a buei

uileival in vveller cortdilions <IuritT£ 15-13 ka, which

is coirsislent with ahsenee of lunette sequences al

Lake MaJata. I hese authors further propose thai and
conditions persisted after the lasl glacial maximum
u.ilinmalm^ in maMilium aridil> al 12 ka, by which

lime mosl Australian lakes were dry. This would

correspond lo pedt genesis ot Last Glaeial Maxmuun
lunettes in Mte lake eomplew

Wn arid rychw fh fh>- /It>hh \w
Gypsum 'unettcs in die Lake Malata-Lake Greenly

Complex have Inrmed in two tfagES. in a sli^lulv

diiTcrent loanner lo carbotiate pellet lunettes. The-

^•>]»sinii fusi preeipilaled wtihm the lake basin in

association with mmmlwaler oseillaiious and

evaporation at the capdlai v Inline ( Teller tn <//. 1
(>82:

Bowler & Teller l9S6;*Magee 1091). Although

s;ni<l-si/ed diseoids e\pnse j
el during a dr) period

whem the lake levels are low arc easil> deflated by

prevailing winds, the sirnilaiity in grain-si/e and

mor|iholoyy of gyp-sum formim; piesenrday beaeho
ami (he youngest 'uiv'tes at Lake Malalu snggesi-

thal Ihe niosl jvceni evpsum lunettes mosl likely

ftjimcd by det'laliou of reworked material deposited

at (he fake margin dining an earlier lelatively In g her

lake level. Since stnficial sediments m the Luke

Mfllma h..-an tine dominated by hcmi-pyramidal

g^psateiiile. a eouibination ot a thin skm of waler

ami sin my w mil would provide an efficient

uicclniniMii Ifcii irausporling and deposilmg Hie

ry|)smu at the l.ikt margin. 'I'ransportaiton by w.^VC

at tion is tnnlier sup|ior!ed by the presence ot npplc

inarks on gypsarenite-diiuunated playa surlaee.s ami

by ihi- abundain-e ut btOg^rrip fiagnicttts svitlnn the

mosl recent tleposits. The gypsum is subsee|UCMtl\

deflated and sortc<l during a RW£ ftfltf petidJ,

I hetefore, the gypsum lunelles most likel> ivpreseui

loreduues deposited inuler seasonally oscillaimp

relaiiveU Ift^h lake levels and tvlatively low lake

levels in response m ehaugiug evaporation, inflow

Strong winds dommantcd by a westerly componeul

are required throughout the entire cycle of deposition

:md iV-Wt.rkiug, >\ -iu^lc \MS^dated hort/i>ii from

the iniddle uf Ihe lunetle uulnalcs thai litis proces-.

wut- well underway ca. 5.6 ka cal B.t* most likely

coinciding with Ihe Holocene sea-level highMand ' u

<>A ka Jklpemt rf iW. :002|, The- mean annual

precipitation al ihis time is estimated lo liavc

increased b> Yi-'v;),, iWasso.ws: Doiiueliy 1
0*->

I >

with masimurn Lalce levels, re-cnnled al most sues in

Australia (Howlci iMSi: Wassivn & Itninielly l^'M,

Harrison 1^3: Hanson Si t)od>on |V??).

Althouiih gypsum lunelUs have lormett tn thi-
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relatively recent past at Lake Malatu. thifi huS not been

the ease at Lake Cireenly. The reason lot this is that al

Lake CJavnly gypsum occurs several decimetres

heleiw the lake surface hcneath dolomilic carbonate

ntuds (Dulkiewiw & VOfl clfft Korch IQS5). In Lhi 1-

sceuario, surftcial carbonate would lirsl have 10 lie

pellctised and deflated before interstitial Liypsarcniles

arc exposed to undergo reworkine. Therefore, while

^vpsnm lunettes were forming in the relatively recent

pa-4 al Lake Malala. carbonate ridges were more

likely to fonn concurrently al Lake Greenly, lite

c<imple\ system of lunettes and ridges ul the eastern

margin of Lake Greenly suggests lhal ihis may have

been die case The fragmented nature f\l' the ostraeode

valves in (he Lake Greenly ridges serves as an

indication of reworking hy wave action during

relatively liighcr lake levels, The ndges constitute a

progrfldjfU! secinenee formed by exposure of

lacustrine carbonate mud under gradually regrcsMUL'

lake .shorelines The carbonate mud has undergone

subsequent tftebiliMlunn by vegetation followed by

pedogenesis and induration in the subaerial vadose

environment. Consequently, these heaeh ridges are

excellent indicator <>tt the former lake extent and

although undaled may be eoneurrcnl with the

formation of gypsum lunettes at Lake Malata.

lhe reeeni J m high beach deposit (ML IS. Fig. 2,1

at Lake Malala lhe rcmobilisalion of \UVieh has been

dated at ea. 1 \})3 ka (Ptilkiewiex # Predion

1*>V7J, represents a foredune formed by aculuiu

reworking ol coarse bench stand. Aeolian deposition

0f5R BOKCH&.I R PKb.SrnT'1

is supported by lhe finer grauv-a/e and beirei sonine

ol lhe vand compared to other beach depusiis t>f

broadly similar composition, and by lhe presence ol

carbonate peloids In particular, the eoqunrj layer

wii.hiu the deposit is indicative of a laeustial period

doling which relatively high lake levels and lower

salinities caused by increased ptecipilutinn and/W

decreased evaporalion rules would have allowed

large numbers pf CcmcIIu gastropods to inhabit Lake

Malala. The orientation of the foredune along the

smith-eastern shoreline U consistent with the

orientahon of prevailing soulh-wcstcily winds,

which operate during lite dry summer months.

Aeolian activity was generally hieli al tins nine and

i- further &tippOtlC<j bV the most rceem lunette

building cpi.sode in the Lake Malala region dated at

ca. 12 ka (l)utkiewic/ & PrescoU I9M7).
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